seed corn stalks in southwestern Ontario, Canada. Can. J. Plant Sci. 89: 103Á106. Gibberella zeae, Fusarium verticillioides and F. subglutinans are the most important causes of Fusarium stalk rot in corn (Zea mays L.). Gibberella zeae also causes fusarium head blight in wheat (Triticum aestivum L.) and gibberella ear rot in corn. The objectives of this study were to investigate prevalence of Fusarium species in the stalks of seed corn over time and to investigate the influence of sampling time and internode position on Fusarium spp. and G. zeae, particularly. Fusarium subglutinans and G. zeae were the most frequently recovered species from asymptomatic host tissue and from pink discoloration on stalks, respectively. More G. zeae was isolated from the basal internode of stalks than from the higher ones closer to harvest time. Other species isolated from seed corn stalks over time included F. verticillioides, F. oxysporum, F. sporotrichioides and F. equiseti. A similar spectrum of Fusarium species was identified from corn ears and from winter wheat across southwestern Ontario.
Fusarium head blight (FHB) is an important disease of wheat (Triticum aestivum L.) that has been linked to up to 17 causal organisms (Parry et al. 1995) . In Canada, FHB is caused primarily by Fusarium graminearum (Schwabe) [teleomorph: Gibberella zeae Schw. (Petch)], but other Fusarium spp. also play a role (Gilbert and Tekauz 2000) . Several FHB epidemics in winter wheat have been reported in Ontario; losses in the 1996 epidemic were Can$100 million .
Gibberella zeae and F. verticillioides [(Sacc.) Nirenberg] , are species of Fusarium frequently isolated from corn ears in Ontario; they cause gibberella ear rot and fusarium ear rot in corn, respectively (Vigier et al. 1997 ). There were widespread epidemics of gibberella ear rot in Ontario in 1952 , 1986 (Miller and Trenholm 1994 and again in 2006 (personal observation).
Gibberella zeae, F. verticillioides, F. sporotrichioides (Sherb.) and F. subglutinans [(Wollenw. & Reinking) Nelson, Toussoun & Marasas) ] are the most important causes of Fusarium stalk rot worldwide (Christensen and Wilcoxson 1966) . Stalk rot reduces grain yield due to premature senescence and indirectly because of stalk breakage (Kozic et al. 2002) . Stalk and ear rots in corn plants seem to be poorly correlated (Mesterhazy 1983) .
The objectives of this study were to identify Fusarium spp. colonizing seed corn stalks over time and to investigate the influence of sampling time and internode position on Fusarium spp. and G. zeae isolated from seed corn stalks in southwestern Ontario, Canada.
MATERIALS AND METHODS
The study was conducted at 30 seed corn production sites located in southwestern Ontario, Canada, in Chatham/Kent in 1998Á2000. The fields were provided by Seed Corn Growers Association members and were different each year. Ten fields were visited each year three times before harvest (the last week of August and first and second weeks of September, which approximately correspond to dough, dent and maturity reproductive growth stages of corn, respectively). Ten plants per field were randomly collected each time; 300 plants Abbreviation: FHB, Fusarium head blight were taken from the fields each year. The pieces of tissue from each stalk node (the first elongated internodebasal, the second and third internodes) of each plant were surface-sterilized in 1% NaOCl for 30 s and placed on potato dextrose agar medium amended with 50 ppm streptomycin sulfate. Samples were incubated at room temperature, under UV light for 7 d, after which single spores of Fusarium spp. were grown on carnation leaf agar medium. Recovered Fusarium spp. were identified by morphological characteristics according to Nelson et al. (1983) and their percentage was calculated based on the total number of Fusarium isolates.
Statistical Analysis PROC UNIVARIATE (SAS Institute, Inc. 2003) was used to test the data for homogeneity of variance and normal distribution. Data for Fusarium spp. and G. zeae colonies isolated from seed corn stalks were transformed using ln (x'0.5). The data were analyzed using PROC ANOVA (SAS Institute, Inc. 2003) in which all sources of variation (year, sampling time, internode position of corn stalk, field location and their interactions) were included in the full model. All nonsignificant (P 0.05) effects were then removed from the full model using PROC STEP procedure (SAS Institute, Inc. 2003) . The level of significance used for statistical analyses was P 00.05 unless otherwise stated.
RESULTS
Six species of the Fusarium genus were frequently recovered from the seed corn stalks during 1998Á2000 (Fig. 1 ). There was a difference among sampling times in colonization of corn stalks by different Fusarium spp. (Fig. 1) . Fusarium subglutinans was predominant at the first sampling time, followed by F. oxysporum (Schlecht. emend Snyder & Hansen), F. verticillioides, F. sporotrichioides, G. zeae and F. equiseti [(Corda) Sacc.)] (Fig.  1 ). In the second and third sampling periods, G. zeae was the most frequently isolated species, followed by F. subglutinans, F. oxysporum, F. verticillioides, F. sporotrichioides and F. equiseti (Fig. 1) .
The total number of Fusarium spp. and G. zeae colonies isolated from seed corn stalks were dependent on interactions between year and location (the field from which the stalks were sampled) and between location and sampling time (Table 1) . Year and internode position interacted and influenced the percentage of Fusarium spp. isolated from corn stalks (Table 1a) . Gibberella zeae isolations from seed corn stalks also depended on year and sampling time and sampling time and internode position (Table 1b) . More G. zeae was isolated from the basal internode of stalks than from the higher ones in the sampling periods closer to the harvest time (Fig. 2) .
DISCUSSION
Fusarium subglutinans was the pathogen most frequently recovered from the seed corn stalks at the first sampling time, while G. zeae was the most frequently recovered closest to harvest time (Fig. 1) . Fusarium subglutinans seems to be in green stalks much earlier than G. zeae. Other species isolated from seed corn over time included F. verticillioides, F. oxysporum, F. sporotrichioides and F. equiseti. Similar species were recovered from corn plant tissue in the United States of America (Leslie et al. 1999) .
In the present study, F. subglutinans was the species most frequently recovered from asymptomatic host tissue and, on average, was more frequent than F. verticillioides. There are several reports of asymptomatic infection of F. verticillioides in corn (Thomas and Buddenhagen 1980; Kedera et al. 1994 ). Levic et al. (1997) reported changes in the dominance and frequency of certain Fusarium spp. isolated from corn kernels over years; F. subglutinans predominated in some years.
Gibberella zeae was the species most frequently recovered from the pink discoloration on seed corn stalks. Ramsey (1990) also reported that F. moniliforme Fig. 1 . Fusarium spp. (%)9SE isolated from standing seed corn stalks in southwestern Ontario over time (1998Á2000). zeae0 Gibberella zeae, sub. 0Fusarium subglutinans, oxy.0F. oxysporum, vert.0F. verticillioides, spor.0F. sporotrichioides and equis. 0 F. equiseti.
(F. verticillioides) and F. oxysporum were isolated from symptomless stalks prior to maturity and from rotted stalks thereafter, while F. graminearum was isolated mainly from stalks with symptoms at maturity. According to Windels and Kommedahl (1984) F. graminearum is only weakly pathogenic to healthy stalks and generally infects only late in the season. In the present study, the percentage of other Fusarium spp. isolated from seed corn stalks decreased on average about twofold from the first to the last sampling time, while the percentage of G. zeae increased six times (Fig. 1) .
The percentage of Fusarium spp. and F. graminearum colonies isolated from seed corn stalks was dependent on interactions between year and the location from which the stalks were sampled and between location and sampling time. Similarly, Schmale and Bergstrom (2004) reported that G. zeae spore deposition during corn silking varied among years, fields and sampling periods. Year effect contributed mainly to environment, while field effects were a result of combined environmental and agronomic factors, such as crop history, soil type and crop genetics. The agronomic factors leading to wheat epidemics in Ontario have been investigated . Further, different seed corn fields were included in the present study each year increasing the potential for interaction. Environmental effects explained most of the variation in Fusarium in Ontario . The link between weather and FHB development in wheat or fusarium ear rot development in corn ) is well established. For example, F. graminearum growth in Ontario is favored by temperatures around 288C and wet conditions (Sutton 1982) , whereas F. verticillioides is favored by temperatures 2 to 38C higher and dry conditions (Miller et al. 1995) .
Gibberella zeae isolated from seed corn stalks also depended on sampling time and internode position of corn stalks (Table 1b) . A higher percentage of G. zeae colonies was isolated from the basal internode of corn stalks than from the higher ones in the sampling periods closer to harvest time (Fig. 2) . In contrast, sampling time and internode position of corn stalk did not influence percentage of Fusarium spp. (Table 1a) . Differences may be explained by different entry points for different Fusarium spp. Ramsey (1990) reported that the entry point for G. zeae is stalk node, whereas for F. verticillioides the entry point is not associated with any specific location on the corn stalk.
In a 2006 corn survey conducted by the authors, the Fusarium species most frequently recovered from corn ears were: G. zeae, F. verticillioides, F. subglutinans, F. sporotrichioides, F. poae and F. proliferatum (unpublished data). Four Fusarium species were the same as isolated in the present study from seed corn stalks (G. zeae, F. verticillioides, F. subglutinans and F. sporotrichioides), suggesting that a similar spectrum of Fusarium species colonizes both stalks and ears of corn. In addition, a similar spectrum of Fusarium species (G. zeae, F. sporotrichioides and F. poae) as isolated from corn was identified in winter wheat surveys across southwestern Ontario during the epidemic year of 2000 (Tamburic-Ilincic and Schaafsma 2001).
In conclusion, G. zeae was the species most frequently recovered from pink discoloration on stalks, closest to harvest time. More G. zeae were isolated from the basal internode of stalks than from the higher ones. Fusarium subglutinans was the most frequently recovered species from asymptomatic host tissue. Other species isolated from seed corn stalks over time included F. verticillioides, F. oxysporum, F. sporotrichioides and F. equiseti. A similar spectrum of Fusarium species was identified from corn ears and from winter wheat across southwestern Ontario. 
